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Introduction: The inﬂuence of low birth weight on development of hypertension and
chronic kidney disease progression was conﬁrmed in adolescent and adult population.
There has been scarce data published on this topic in younger children and toddlers.
Purpose: The aim of the study was to assess the inﬂuence of low birth weight on blood
pressure and kidney volume in youngest children. Material and methods: The study
group consisted of 38 children (2–3 years), born with low birth weight. The control
group consisted of 35 children, born with normal birth weight. Kidneys size and
volume were assessed in ultrasonography. Serum cystatin and urine albumin concen-
trations were assessed. Blood pressure was taken on 4 limbs with oscillometric
method. Results: There was tendency for the study group to have lower weight
(Z-score 1.1418 vs. 0.5092, p = 0.0507). They have lower height and lower head and
chest circumference. They tended to have lower total kidney volume (52 474 mm3 vs.
57 451 mm3, p = 0.055), but that relation disappeared after adjustment to body
height. There was no signiﬁcant difference in blood pressure values and between GFR
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estimated with Filler formula (125.9 vs. 134.2, p = 0.16). Conclusions: Presented study
revealed no signiﬁcant inﬂuence of low birth weight on kidney size and function in
children in 2nd and 3rd year of life.
© 2015 Polish Pediatric Society. Published by Elsevier Sp. z o.o. All rights reserved.
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Fetal development in utero depends on environmental and
genetic factors. Recently, factors acting during prenatal life
are considered to have inﬂuence on pathogenesis of many
diseases of adulthood. These have essential meaning in
development of hypertension, cardiovascular diseases, dia-
betes mellitus type 2 and kidney diseases [1].
Through last years it has been revealed that developing
fetus adjusts the growth dynamic to environmental condi-
tions. It has been proven on animal models that mothers
malnutrition during pregnancy, especially low-protein diet
throughout second half of pregnancy, has negative inﬂuence
on intrauterine fetus growth development [2]. Similarly,
disturbances of placental blood ﬂow and glucocorticoste-
roids administration during pregnancy could lead to growth
retardation and abnormal development of certain organs,
such as kidneys, pancreas, heart and brain [2, 3]. In
experimental studies featuring rats the association between
low birth weight and hypertension has been proven. It is
connected with factors acting during nephrogenesis, that is
mainly (in 60%) throughout the third trimester in humans,
that cause decrease of nephron number [4]. This leads to
reduction of kidney ﬁltrating capacity and results in deterio-
ration of kidney sodium transport. Natriuresis impairment
is followed by increase of systemic blood pressure regulated
by renin–angiotensine–aldosterone system and pressure
inside kidney glomeruli causing hyalinosis [2, 3].
Several epidemiological studies raised an association
between low birth weight (LBW), especially intrauterine
growth retardation (IUGR), and elevated systolic blood pres-
sure in children before puberty and evident hypertension in
adults [4–6]. Kidney biopsy in individuals with hypertension
proved decreased amount of nephrons and glomeruli of
greater size in those who were born with low birth weight.
It conﬁrms the Baker et al. [6] hypothesis of hyperﬁltration
due to nephrons deﬁcit. Compensatory overgrowth of glome-
ruli and hyperﬁltration arises from overload of normal
nephrons which causes their further hyalinosis and tubular
atrophy with concomitant development of inﬂammatory
lesions and ﬁbrosis in interstitial tissue. These lead to further
destruction of other nephrons, and this so called vicious
circle cause chronic kidney disease progression [4, 7].
The inﬂuence of LBW on development of hypertension
and chronic kidney disease (CKD) progression was conﬁr-
med in adolescent and adult population. There has been
scarce data published on this topic in younger children and
toddlers. Therefore, we constructed the cross-sectional
study in LBW children currently aged 2–3 years without any
other risk factors in order to assess the kidney volume and
function, with special regard to blood pressure.Material and methods
The study group consisted of children aged 2 and 3 years,
who were participants of cohort of european research
program ‘‘Euro Prevall – Food Allergy Across Europe’’ [8].
Among these children there were selected 38 who were born
between 36 and 42 week of pregnancy with birth weight
below 5th percentile.
The control group of 35 children was age-matched (head-
to-head) and consisted of children born on term and with
normal birth weight.
In all children a perinatal history of mother ilnesses and
pharmacotherapy was taken. Anthropometric measure-
ments were performed (body weight and height, head and
chest circumference). On the basis of ultrasound examina-
tion kidneys sizes were evaluated what enabled to calculate
their volume (according to formula: kidney volume = 0.52 
width  thickness  length). Blood pressure was taken on
four extremities with automatic oscillometric method
(MINDRAY Patient Monitor MEC-1200). Urine albumin was
assessed with standard biochemical methods. Serum cysta-
tin C was analyzed with ELISA method (Quantikine ELISA
Test, BIOCOM).
As the previous analyzes showed that cystatin-C based
GFR estimation is associated with less bias and in children is
better indicator of kidney function than creatinine based
estimation, authors have decided to use this tool in the study
[9, 10]. Glomerular ﬁltration rate was estimated with Filler
formula (eGFR = 91.62  (cysC)1.123). Exclusion criteria inclu-
ded congenital defects, chronic diseases (especially concer-
ning urinary system, secondary hypertension and cardiac
failure), nutrition disturbances and diabetes in mother.
The statistical analysis was performed by Statistica 10 PL
software. Median and percentile values were applied to
descriptive statistics. Normality of distribution was tested
by Shapiro–Wilk test. Parametric test was applied (t-Stu-
dent). Statistical signiﬁcance treshold was set at 0.05.
Local Ethical Committee approved the study. Parents of
all participants gave an informed consent.
Results
Birth weight of children from the study group was signiﬁ-
cantly lower compared to control group (2400 g vs. 3380 g)
what was consistent with premises of the study. Duration of
pregnancy was shorter in children from the study group
(38 vs. 39 hbd, p < 0.05). Mothers of children from the
study group during pregnancy were more frequently diagno-
sed with hypertension and other concomitant health prob-
lems (single cases of: colitis ulcerosa, hyperthyroidism,
Table I – The prevalence of mothers hypertension,
concomitant health problems, pharmacotherapy and
cigarette smoking during pregnancy
Control group Study group
Hypertension 2.8% 21%
Pharmacotherapy 31% 36%
Cigarette smoking 8.5% 7.8%
Concomitant health prob 8.5% 18%
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rette smoking was more frequent in mothers of children
from the control group (Table I).
Anthropometrics (Table II)
There were no differences in body weight between children
form study group compared to control group. When related
to population distribution there was only a tendency for the
study group to have lower weight (Z-score 1.1418 vs.
0.5092, p = 0.0507). Comparison of absolute values of body
height did not reveal signiﬁcance. It gained importance
when related to population distribution – Z-score 0.8139 vs.
0.3533; p < 0.05. Children from LBW group had signiﬁcantly
smaller head and chest circumference (p < 0.05).
Kidneys size (Table III)
In ultrasound test volume of right kidney was lower in
children from the study group (p < 0.05). There was no
difference if volume of the kidney is adjusted to body height.
Volume of left kidney was comparable in both groups.
Moreover, there was tendency for study group to have lower
cumulative kidneys volume (p = 0.055). The observation was
not conﬁrmed when adjusted to body height.Table II – Anthropometric measurement in children from stud
25th and 75th percentile
Control group 
Birth weight [g] 3380 (3200–3630) 
Week of birth 39 (38–40) 
Body weight 12.35 (10.8–13.5) 
Body weight – Z-score 0.5092 
Body height 87 (81.7–93.5) 
Body height – Z-score 0.3533 
Head circumference [cm] 48 (47.5–49.5) 
Chest circumference [cm] 49.5 (48–51.375) 
Table III – Kidneys volume assessed in ultrasound examinatio
percentile
Kidney volume Control gr
Right kidney volume [mm3] 29 023 (24 373–3
Right kidney volume adjusted to body height 33.24 (28.43–39.3
Left kidney volume [mm3] 28 953 (23 868–3
Left kidney volume adjusted to body height 32.12 (28.41–38.2
Total kidneys volume [mm3] 57 451.7 (51 129–
Total kidneys volume adjusted to body height 63.8 (57.5–77.9) Blood pressure (Table IV)
Results of ofﬁce measurements of blood pressure did not
reveal signiﬁcant differences between children from both
groups (Table IV). Due to lack of reference values for thigh
measurements, only blood pressure values taken on arms
were related to the population standards.
Kidney function assessment (Table V)
There were no differences between both groups according to
serum cystatin C level and urine albumin. There was no
signiﬁcant difference between GFR estimated with Filler
formula for serum cystatin C (125.9 vs. 134.2, p = 0.16).
Discussion
In many epidemiological studies dependence between birth
weight and indicators of physical development in ﬁrst years
of life was postulated. It has been proven that children born
with low birth weight (below 2500 g) are smaller and lighter
than peers born with normal birth weight, and also has
smaller head and chest circumferences before 5th year of
life [11–13]. This tendency was conﬁrmed by authors of
this study.
According to the kidney size, we showed comparable
kidney volume between LBW and normal weight born peers.
The blood pressure in these groups was similar too.
Brenner et al. published a scheme that described relation
between low birth weight and elevated arterial blood pres-
sure. It assumed that the main cause of hypertension
development in such individuals is decreased amount of
nephrons that lead to hyperﬁltration. Described reduction of
nephrons amount has multifactorial origin and does noty and control group. Data showed as median and value of
Study group Signiﬁcance
2400 (2150–1550) p < 0.05
38 (36–40) p < 0.05
11.5 (9.3–13.27) p = 0.07
1.1418 p = 0.05
84 (76.5–91.5) p = 0.08
0.8139 p < 0.05
46 (45–46) p < 0.05
48 (46–48) p < 0.05
n. Data showed as median and values of 25th and 75th
oup Study group Signiﬁcance
3 714) 24 585 (19 445.4–32 278.2) p < 0.05
45) 32.545 (25–35.7) p = 0.29
1 338) 255 547 (22 706–32 573) p = 0.23
1) 31.16 (28.4–35) p = 0.57
63 869.5) 49 185 (43 386–64 822) p = 0.055
65.3 (53.6–72.8) p = 0.36
Table IV – Blood pressure values for measurements on four extremities. Data showed as median and values of 25th and
75th percentile. SBP – systolic blood pressure. DBP – diastolic blood pressure
Blood pressure Control group Study group Signiﬁcance
SBP – right arm 91.5 (88–96.75) 91 (80–100.5) p = 0.97
Z-score 0.291 (0.123–0.825) 0.097 (0.183–1.549) p = 0.34
DBP – right arm 58 (55–66) 57 (51–64) p = 0.54
Z-score 1.554 (0.966–1.9159) 1.463 (0.346–2.102) p = 0.97
SBP – left arm 93.5 (90.25–103) 91 (87–102) p = 0.76
Z-score 0.68 (0.023–1.116) 0.581 (0.0968–1.162) p = 0.33
DBP – left arm 59.5 (53.5–65) 60 (51–70) p = 0.48
Z-score 1.472(1.029–1.905) 1.462 (0.914–2.377) p = 0.28
SBP right leg 106.5 (100.25–108.75) 105 (97–118.5) p < 0.05
DBP right leg 64 (55.25–67) 65 (56–74) p < 0.05
SBP left leg 105 (97–111) 113.5 (99.75–120) p = 0.11
DBP left leg 63 (52–67) 65 (57–73) p = 0.08
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blood pressure in LBW patients were conducted in adoles-
cents and adults. They were based on large groups but they
did not contain longitudinal data. The cut-off time limit
of detection of increased blood pressure has not been
established yet. Therefore we postulate that in youngest
children the LBW has little effect on kidney size and blood
pressure. As it was showed earlier, there was no relation
between volume of kidneys and amount of nephrons
because density of nephrons distribution in kidney was
individually variable [14].
Studies revealed that there is a signiﬁcant inverse
relation between birth weight and systolic blood pressure
both in children and adults [15, 16]. Vancheri et al. showed
that in children between 3 and 12 year of life for every 1 kg
increase of birth weight a 2.68 mmHg decrease of blood
pressure is observed [17]. In adults aged between 20 and 40
years the decrease of blood pressure was even higher –
3.82 mmHg. However, in adults, such a relation was obser-
ved only between birth weight and diastolic blood pressure.
Whincup et al. showed that some of sizes at birth (birth
weight, birth length, head circumference) were inversely
related to blood pressure at the age of 3 [18]. However, birth
weight itself had the strongest association. There was no
inﬂuence of maternal, ethnic or socioeconomical factors on
this relation. Also Japanese studies detected similar correla-
tion [19] – the average systolic blood pressure at the age of
3 in children with birth weight over 3510 g was 3.0 mmHg
lower than in children with birth weight equal to or less than
2990 g. According to Lurbe et al. birth weight is a positive
determinant of blood pressure at birth. The acceleration of
weight gain may aggravate the effects of LBW on systolic
blood pressure, what become signiﬁcant at the age of 2 [20].
Available from literature data concerning adolescents are
incoherent. Falkner et al. detected no signiﬁcant inverseTable V – Serum biochemistry assays. GFR estimated with Fille
75th percentile
Parameter Control group 
Serum cystatin C (ng/ml) 753.6 (698.4–834.9) 
eGFR (ml/min/1.73 m2) 125.9 (112.2–137.1) 
Urine albumin (mg/l) 0.1 (0.1–0.1) relationship between birth weight and blood pressure in
adolescence, which is in contrast to the low-birth-weight
hypothesis [21]. Study group in this report was composed of
adolescents aged between 11 and 14 years and low birth
weight was present in 36% of the sample. Walker et al. found
a signiﬁcant negative relationship of birth weight and later
values of blood pressure in Jamaican children aged 11–12
years [22].
British study showed the role of lower birth weight in
deterioration of kidney function. There was strong evidence
that every 1 kg decrease of birth weight was associated with
a 2.25 ml/min/1.73 m2 lower glomerular ﬁltration rate calcu-
lated using cystatin C (eGFRcys). These associations with
eGFR were not explained by diabetes or hypertension [23].
A recent systematic review and meta-analysis also revealed
association between low birth weight and kidney disease in
middle-aged and older populations [24–26]. The association
between cystatin C serum level and birth weight was not
conﬁrmed in present study what could be caused by the fact
that the study group was composed of the youngest
children. Authors from Poland revealed that serum cystatin
C levels were signiﬁcantly higher in school-aged extremely
low birth weight (ELBW) children compared to children with
normal birth weight [27]. Genetic and numerous pre- and
postnatal environmental factors can affect kidney condition
[14, 26, 28]. Among them are listed medications, nutritional
state of mother, function of placenta and duration of
pregnancy. All these factors may cause harmful effects on
fetal development. Our study shows that mothers of child-
ren born small to gestational age were more frequently
diagnosed with hypertension during pregnancy and other
concomitant health problems. However, glomeruli damage
process in situation of minor hyperﬁltration is very slow.
Therefore, it seems that no signiﬁcant changes in clinical
parameters occurred due to young age of assessed population.r formula. Data showed as median and values of 25th and
Study group Signiﬁcance
711.7 (662.7–764.6) p = 0.06
134.2 (125.9–145.6) p = 0.16
0.1 (0.1–0.1) p = 0.09
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factors inﬂuencing birth weight might take part in develop-
ment of hypertension and kidney damage [4–6, 29]. In other
studies low birth weight was considered to be an indicator
of intrauterinal growth retardation (IUGR) that causes in
consequence abnormal development of organs and reduc-
tion of nephrons number in kidney [29]. However, among
children with low birth weight, about 20% have constitutio-
nal low body weight and do not present growth retardation
[14]. These children have no decrease of nephrons number
and no disturbances leading to hypertension. Therefore, the
small number of patients in the present study might have
inﬂuence on the results by the selection bias.
Conclusion
In conclusion, the present study based on clinical measure-
ments, ultrasound assessment and laboratory glomerular
ﬁltration rate estimation, showed no signiﬁcant inﬂuence of
low birth weight on kidney size and function in children
aged 2 and 3 years. This observation does not stand in
opposition to previous studies based on adolescents or
adults, but supports the hypothesis that clinical effect of
lower nephron number may develop with time and indica-
tes the need of the further studies in this ﬁeld.
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